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Short ArticleAn Antioxidant System Required
for Host Protection against
Gut Infection in Drosophila
Most barrier epithelia can also produce either NF-B-
dependent inducible AMPs or NF-B-independent con-
stitutive AMPs, in a tissue-specific manner (Brey et al.,
1993; Ferrandon et al., 1998; Han et al., 2004; Onfelt
Tingvall et al., 2001; Ryu et al., 2004; Tzou et al., 2000).
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Ewha Womans University However, in vivo, the immune significance or impact
of AMPs produced by epithelia cells has not yet beenSeoul 120-750
South Korea demonstrated at the organism level. Interestingly, ex-
cept for the phytopathogenic bacteria Erwinia caroto-2Unite´ de Biochimie et Biologie Mole´culaire
des Insectes vora, most natural bacterial infection by feeding cannot
efficiently induceNF-Bactivation in the barrier epitheliaInstitut Pasteur
Cedex 15, Paris 75724 (Basset et al., 2000, 2003). However, these ingested bac-
teria seem to be tightly controlled in the gastrointestinalFrance
tract by a yet unknown host epithelial defense system,
because such infections never induce serious host mor-
tality. These observations suggest that, in spite of theSummary
central role of the NF-B pathway for antimicrobial re-
sponses during septic injury, epitheliamay employ otherA fundamental question that applies to all organisms
is how barrier epithelia efficiently manage continuous unidentified innate immune systems to tolerate and con-
trol constant bacterial contact. Recent genome-widecontact with microorganisms. Here, we show that in
Drosophila an extracellular immune-regulated cata- microarray analyses have shown that, in addition to AMP
genes, more than 400 Drosophila immune-regulatedlase (IRC) mediates a key host defense system that is
needed during host-microbe interaction in the gastro- genes (DIRGs) are assumed to be involved in a wide
range of host defense mechanisms. These multifariousintestinal tract. Strikingly, adult flies with severely re-
duced IRC expression show high mortality rates even defense strategies include pathogen recognition, phago-
cytosis, cytoskeleton remodeling, coagulation, melaniza-after simple ingestion ofmicrobe-contaminated foods.
However, despite the central role that the NF-B path- tion, and regulation of reactive oxygen species (ROS)
(Agaisse et al., 2003; Boutros et al., 2002; De Gregorioway plays in eliciting antimicrobial responses, NF-B
pathwaymutant flies are totally resistant to such infec- et al., 2001, 2002; Irving et al., 2001). All of these DIRG-
mediated immune responses are believed to be essen-tions. These results imply that homeostasis of redox
balance by IRC is one of the most critical factors af- tially cooperative processes for the resistance of patho-
genic infection (Tzou et al., 2002). However, little isfecting host survival during continuous host-microbe
interaction in the gastrointestinal tract. known about the controlling mechanisms and functions
of DIRGs. In mammals, one of the most immediate epi-
thelial innate immune systems involves the generationIntroduction
of sufficient amounts of ROS to combat the pathogen,
as well as concurrent elimination of residual ROS inIn response to microbial infection, Drosophila rapidly
activates the innate immune system for the efficient self- order to protect the host (Cohn et al., 1994; Geiszt et al.,
2003; Kinnula et al., 1992). Failures in the homeostaticprotection via two well-known NF-B pathways, the Toll
and immune deficiency (IMD) pathways (Hoffmann, balance between synthesis and elimination of ROS can
lead to many chronic epithelial inflammatory diseases2003). To date, most studies in Drosophila innate immu-
nity have focused on regulatory mechanisms of antimi- in human (Hoidal, 2001). Although many antioxidant en-
zymes involved in ROSmetabolism have been well doc-crobial peptide (AMP) through NF-B pathways and the
function of AMPs during infection (Boutros et al., 2002; umented in Drosophila (Kirby et al., 2002; Kwong et al.,
2000; Missirlis et al., 2001; Orr et al., 2003; Radyuk etBrennan and Anderson, 2004; Hoffmann, 2003; Hult-
mark, 2003; Silverman and Maniatis, 2001; Tzou et al., al., 2001, 2003; Wang et al., 2003; Zou et al., 2000), the
identity and functional role of the antioxidant system2002). Activation of NF-B pathways and subsequent
AMP synthesis in the fat body seem to be essential during the epithelial innate immune response still remain
unclear. In this study, we show that IRC-mediated ho-for host survival following bacterial injection into the
hemocoel. However, the responses that have been elic- meostatic redox balance is the most critical event for
host survival during host-microbe interaction inmucosalited by the injection of bacteria may not necessarily
reflect a naturally occurring phenomenon. In fact, in na- epithelia in Drosophila.
ture, it is far more common for the insect to receive
naturally occurring infections, such as ingestion of mi- Results and Discussion
crobe-contaminated food, as opposed to a puncture
wound. In this kindof natural infection,mucosal epithelia Among all potential ROS regulators in the Drosophila
cells are believed to be the first line of host defense. genome, only one annotated gene (CG8913; named as
immune-regulated catalase [IRC] in the present study)
has been identified as a DIRG (De Gregorio et al., 2001,*Correspondence: lwj@ewha.ac.kr
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Figure 1. IRC Is a Secretory Antioxidant Protein with Catalase Activity, which Is Essential for the Resistance against Oxidative Stress
(A) Viability of the S2, S2-IRC, and S2-IRC-RNAi cells against oxidative stress. The cells were exposed to different concentrations (50, 100,
and 1000 M) of H2O2 for 24 hr. Cell viability was presented as the percentage of live cells, and live cells were identified with trypan blue staining.
(B) Morphological changes following exposure (24 hr) to different concentrations of H2O2.
(C) Oxidative stress resistance test. The survival rates of the control flies carrying Da-GAL4 alone (Cont) or transgenic flies carrying the UAS-
IRC-RNAi/; Da-GAL4/ (IRC-RNAi) were examined following feeding with 5% sucrose containing 1% hydrogen peroxide. Results are
expressed as the mean and standard deviations of three different experiments.
(D) Purification of recombinant IRC protein. To purify the recombinant IRC from the culture medium of S2-IRC cells, nickel-nitrilotriacetic acid
(Ni-NTA)-agarose resin was used according to manufacturer’s protocols (Qiagen, Chatsworth, CA). The IRC protein was eluted from the resin
with 250 mM of imidazole and dialyzed with 50 mM sodium phosphate buffer (pH 7). An aliquot of purified IRC was analyzed by using SDS-
PAGE (top). Lane M indicates the protein marker. Western blot analysis of purified recombinant IRC by using V5-epitope antibody (bottom).
(E) Catalase activity of purified IRC protein. Purified recombinant IRC was added to 50 mM phosphate buffer (pH 7) containing 15 mM H2O2.
The decrease in H2O2 absorbance at 240 nm was monitored for 2 min (Bai et al., 1999), and the catalase activity was presented as initial rate
(mole/min) of H2O2 degradation. Results are expressed as the mean and standard deviations of three different experiments.
2002; Irving et al., 2001). To understand the biochemical whereas the S2-IRC-RNAi cells showed severe morpho-
logical changes including shrinkage, appearance of vac-and physiological functions of IRC in Drosophila innate
immunity, we generated Schneider 2 cells, which stably uoles, and death (Figure 1B). These results showed that
IRC is indeed involved in the antioxidant responseexpressed IRC (S2-IRC) or IRC-RNA interference (RNAi)
(S2-IRC-RNAi). Our quantitative real-time PCR analysis against H2O2 in Drosophila Schneider 2 cells. In order to
confirm the roles of IRC in vivo, we generated transgenicshowed that IRC expression in the S2-IRC was highly
expressed (100 times higher than that of S2 cells) and flies carrying the UAS-IRC-RNAi constructs, in order
to mimic the loss-of-function mutation. The GAL4/UASthe IRC expression in S2-IRC-RNAi reached 15% of
the control level, whereas classical peroxisomal cata- binary regulatory system (Brand and Perrimon, 1993)
was used to express IRC-RNAi, by crossing the UAS-lase expression was not affected (data not shown). The
deduced amino acid sequence of IRC bears a high de- IRC-RNAi lines with the ubiquitously expressing Daugh-
terless (Da)-GAL4 driver lines. Quantitative real-timegree of similarity to various kinds of haem-containing
peroxidase, suggesting that IRC may be involved in a PCR analysis showed that the endogenous IRC expres-
sion level reached only 15% of the control level (datasystemof antioxidant defense that can protect host cells
from ROS-induced damage. Therefore, we investigated not shown), confirming the RNAi effect of the UAS-IRC-
RNAi construct. By using these IRC-RNAi flies, we per-the role that IRC plays in oxidative stress. We treated
cells with various concentrations (50 M, 100 M, and formed feeding experiments with 1% H2O2, in order to
investigate the in vivo antioxidant functions of IRC. Our1000 M) of H2O2. The results showed that the S2-IRC-
RNAi cells exhibited a higher degree of susceptibility to result showed that the survival rates of transgenic flies
carrying the UAS-IRC-RNAi are significantly lower thanH2O2 than did the S2 and S2-IRC cells (Figure 1A). The
control S2 cells and S2-IRC cells appeared to be mor- those of control flies (Figure 1C). Taken together, these
results demonstrated that IRC mediates an antioxidantphologically normal following H2O2 treatment (50 M),
Antioxidant System in Drosophila Immunity
127
function against H2O2-induced oxidative stress. Amino induce the level of total IRCmRNA in whole adult body,
although total IRC mRNA was upregulated followingacid sequence analysis suggests that IRC encodes pro-
tein containing putative signal peptides (amino acid resi- septic injury (Figure 2B). Consistently, natural infection
did not significantly induce IRC expression in themidgutdues 1–23). To investigatewhether the IRCgene product
can exist as a secretory protein, we attempted to purify or the fat body, whereas septic injury efficiently induced
IRC expression in the fat body (Supplemental FigureCOOH-terminal epitope-tagged (V5- and His-) IRC pro-
teins from a culture medium of S2-IRC, by using Ni- S2). This result suggests that, in contrast to septic injury,
natural infection does not upregulate IRC expression inNTA-agarose resin. SDS-PAGE analysis showed that
IRC gene product exists in the culture media as a poly- the midgut and that the basal constitutive expression
level of IRC may play a major role for the antioxidantpeptide with an apparent molecular mass of 85 kDa,
which can be recognized by anti-epitope antibody (Fig- defense system, during naturalmodes of infection. Adult
transgenic flies carrying UAS-IRC-RNAi (UAS-IRC-ure 1D). The presence of IRC in the S2-IRC culturemedia
clearly demonstrates that, in contrast to all knownmam- RNAi/; Da-GAL4/) were fed with sucrose that had
been artificially contaminated with various microbes.malian catalases, which are peroxisomal proteins, IRC
contains no peroxisomal targeting sequence. However, To our surprise, high mortality levels were observed in
transgenic flies carrying UAS-IRC-RNAi following natu-IRC does contain a putative signal peptide sequence
for extracellular secretion. It is well known that catalase, ral infection with all tested microbes, whereas control
flies carryingDa-GAL4alonewere not affectedunder thea major enzyme of the antioxidant defense systems,
can protect cells by eliminating cytotoxic H2O2 (Bai and same experimental condition (Figure 2C). In the control
experiment, the survival rates of all test flies were unaf-Cederbaum, 2003; Bai et al., 1999). To determine
whether IRC has a catalase activity, the enzymatic activ- fected after feeding with sucrose only (data not shown).
We next performed the same experiment using Caudality of IRC was measured by using purified IRC protein
from cultured media of S2-IRC cells. Activity was de- (Cad)-GAL4 driver (Moreno and Morata, 1999; Ryu et
al., 2004) to specifically knock down IRC expression intected by measuring the H2O2 removal rate at A240. The
results showed that IRC has catalase activity, which the intestine. The result showed that inhibition of IRC
expression in the intestine is sufficient to give significantmanifests in a dose-dependent manner (Figure 1E).
These data showed that IRC is a secretory antioxidant mortality levels (60% mortality) following digestive tract
infection (Figure 2D). This result showed that the intestinalenzyme with catalase activity.
When we examined tissue distribution of IRC expres- IRC plays a major role in microbial resistance during natu-
ral infection, probably by eliminating infection-inducedsion in adult flies by real-time PCR analysis, we found
that IRC is normally expressed in fat body, but also in ROS. However, although intestinal IRC plays a major role
on host resistance, flies carrying Cad-GAL4-induced IRC-many epithelial tissues such as the intestine (Supple-
mental Figure S1 at http://www.developmentalcell.com/ RNAi were still less sensitive to natural infection than
flies carrying ubiquitously induced IRC-RNAi. As ROScgi/content/full/8/1/125/DC1/). Furthermore, trans-
genic flies carrying IRC promoter fused to GFP exhibits can readily diffuse across cellular membranes, it is con-
ceivable that IRC expressed in tissues other than intes-strong fluorescence in the midgut and the malpighian
tubules (Figure 2A). Under physiological condition, the tine (e.g., fat body) may be also involved in the overall
host resistance. To seewhether theROS level is differentintestinal epithelia, constantly in contact with commen-
sal microorganisms and sometimes pathogens, may be between control flies and IRC-RNAi flies before and dur-
ing infection, we measured total ROS in these flies. Theone of the areas most frequently exposed to infection-
induced ROS. For example,microbial infection has been result showed that the IRC-RNAi flies had significantly
higher basal ROS levels than did the control flies (Figureconsidered to be a risk factor for human gastric carci-
nomadue to chronicROSgeneration (Asaka et al., 1997). 3A). Increases in the total amounts of ROS were ob-
served in both control and IRC-RNAi flies, followingStrong evidence exists that pathogenic bacteria, such
as Helicobacter pylori, directly induce ROS synthesis in ingestion of bacteria, confirming that host-microbe in-
teractions elicit ROS synthesis (Figure 3A). Infection-the gastric epithelial cells of patients and cause DNA
damage and apoptosis (Ernst and Gold, 2000; Obst et induced ROS level in IRC-RNAi flies was again signifi-
cantly higher than that of control flies, suggesting thatal., 2000; O’Rourke et al., 2003). Fruit flies often feed on
rotting fruit, which is contaminated with various mi- the high mortality of flies carrying IRC-RNAimay be due
to high amounts of infection-induced ROS (Figure 3A).crobes, suggesting that intestinal epithelia may be a
tissue site inwhich theROSgeneration/elimination cycle The high mortality of flies carrying IRC-RNAi was also
observed following ingestion of heat-killed dead bacte-is continuously in operation. In humans, relatively com-
mon inflammatory diseases of the gastrointestinal tract ria (Supplemental Figure S3), suggesting that the flies
were killed due to excessive host ROS production fol-such as inflammatory bowel diseases involve ROS
(Krieglstein et al., 2001; Pavlick et al., 2002). These inves- lowing host-bacteria contact, not due to the proliferation
of live bacteria. Recently, JNK signaling is known totigations suggest that the antioxidant defense system
seems to play a central role in the protection of the confer tolerance to oxidative stress (Boutros et al., 2002;
Jasper et al., 2001; Wang et al., 2003). Thus, we askedgastrointestinal tract duringmucosal infection. Thus, we
focusedour investigationon the in vivo role of IRCduring whether an increase in JNK signaling is sufficient to
protect the high mortality of IRC-RNAi flies during natu-gastrointestinal infection. In order to mimic infection-
induced ROS generation under more physiological con- ral infection. As flies heterozygous for puckered (JNK-
specific phosphatase for the downregulation of JNK sig-ditions, we employed natural infection experiments by
oral feeding with bacterially contaminated food. This naling) exhibits enhanced JNK signaling potential (Wang
et al., 2003), we analyzed the survival rate by using fliestype of natural infection with E. coli did not significantly
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Figure 2. IRC Activity Is Essential for Host Survival during Host-Microbe Interaction in the Drosophila Gastrointestinal Tract
(A) IRC is expressed in the adult intestine. Transgenic flies carrying IRC promoter (3.1 kb) fused to GFP (IRC-GFP) exhibited strong fluorescence
in the midgut (indicated by arrow) and the malpighian tubules (indicated by asterisks).
(B) Natural bacterial infection cannot significantly induce total IRC expression in whole adult body. Natural bacterial infection or septic injury
was performed with E. coli as described in Supplemental Experimental Procedures with control adult male flies (Da-GAL4/) or IRC-RNAi
flies (UAS-IRC-RNAi/; Da-GAL4/). To quantify the amount of gene expression, fluorescence real-time PCR was performed as described
in Supplemental Experimental Procedures.
(C) Natural infection experiment with various microbes. Microorganisms used in this study were Erwinia carotovora carotovora-15 (Ecc-15),
Ecc-15-evf/, Escherichia coli, Saccharomyces cerevisiae, Micrococcus luteus, and Salmonella typhimurium. Control adult male flies (Da-
GAL4/) or IRC-RNAi flies (UAS-IRC-RNAi/; Da-GAL4/) were used. At least two different transgenic lines carrying UAS-IRC-RNAi were
used in this study, and all gave similar results. Results are expressed as the mean and standard deviations of three different experiments
with one representative transgenic line.
(D) Introduction of IRC-RNAi in intestines is sufficient to increase the mortality following natural oral infection. UAS-IRC-RNAi flies were
crossed with flies carrying Cad-GAL4 driver line. Cad-GAL4 line expresses GAL4 mostly in the midgut, but not in the fat body (Moreno and
Morata, 1999). Natural bacterial infection was performedwith Ecc-15, and flies carryingCad-GAL4/; UAS-IRC-RNAiwere used. The transgenic
flies carrying Cad-GAL4/ and UAS-IRC-RNAi/; Da-GAL4/ were used as negative and positive control, respectively. At least two different
transgenic lines carrying UAS-IRC-RNAi were used in this study, and all gave similar results. Results are expressed as the mean and standard
deviations of three different experiments with one representative transgenic line.
carrying IRC-RNAi in a puckered/ genetic background demonstrate that these effects were indeed caused by
the insufficient enzymatic activity of IRC, we attempted(UAS-IRC-RNAi/; Da-GAL4/pucE69). The result showed
that enhanced JNK signaling by decreasing gene dose to protect IRC-RNAi flies with various ROS-removing
enzymes. The results showed that introductionof humanof puckered significantly augmented the survival rates
of IRC-RNAi flies following oral infection (Figure 3B). catalase (UAS-hCat) in a secretory form (by removing
peroxisomal targeting sequences and by adding signalThis result suggests that lethal ROS level in IRC-RNAi
flies during infection may be more efficiently eliminated peptides in the NH2 terminus for secretion) dramatically
augmented the survival rates of IRC-RNAi flies followingby higher level of JNK signaling-controlled antioxidant
genes (Wang et al., 2003) in puckered heterozygotes. oral infection (80% survival rate at day 5). The survival
rates of IRC-RNAi flies carrying Drosophila peroxisomalTo further confirm that the high mortality of IRC-RNAi
flies is due to insufficient elimination of high amounts catalase under control of endogenous promoter (dCat)
or under control of UAS promoter (UAS-dCat) were alsoof infection-induced ROS, we treated flies with the anti-
oxidant N-acetyl-cysteine (NAC) during natural infec- significantly augmented (50%–60% at day 5), whereas
in IRC-RNAi flies carrying UAS-peroxiredoxin (UAS-tion. The NAC treatment greatly augmented survival
rates of the IRC-RNAi flies, up to 60% (Figure 3C). To jafrac1), another protein with milder antioxidant activity,
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Figure 3. The Susceptibility of IRC-RNAi Flies to Natural Infection Is Greatly Ameliorated by Introducing Enhanced Antioxidant Capacity
(A) Level of ROS in control flies and IRC-RNAi flies during natural Ecc-15 infection. The level of total ROS was quantified as described
previously (Kumar et al., 2003). The ROS level in the uninfected control flies (0 hr) was taken arbitrarily to be 100, and the results are presented
as relative expression levels. Results are expressed as the mean and standard deviations of three different experiments.
(B) The susceptibility of IRC-RNAi flies to natural infection is ameliorated in a puckered/ genetic background. IRC-RNAi flies in a puckered/
genetic background (UAS-IRC-RNAi/; Da-GAL4/pucE69) were subjected to natural Ecc-15 infection. Results are expressed as the mean and
standard deviations of three different experiments.
(C) The susceptibility of IRC-RNAi flies to natural infection is ameliorated by antioxidant treatment. IRC-RNAi flies were treated with 20 mM
of the antioxidant N-acetyl-cysteine (NAC) during natural Ecc-15 infection (NACEcc-15). The flies treated with 20 mM of NAC alone (NAC)
and with Ecc-15 alone (Ecc-15) were used as negative and positive controls, respectively. Results are expressed as the mean and standard
deviations of three different experiments.
(D) Immuno-susceptibility of IRC-RNAi flies to natural infection is ameliorated by overexpressing antioxidant enzymes. For the rescue experi-
ment, UAS-IRC-RNAi flies were crossed with flies carrying different antioxidant enzymes (UAS-hCat, dCat, UAS-dCat, and UAS-jafrac1). The
genotypes of flies used in this studies were: Cont (Da-GAL4/); UAS-IRC-RNAi (UAS-IRC-RNAi/; Da-GAL4/); UAS-IRC-RNAi  UAS-hCat
(UAS-IRC-RNAi/UAS-hCat; Da-GAL4/); UAS-IRC-RNAi  dCat (UAS-IRC-RNAi/dCat; Da-GAL4/); UAS-IRC-RNAi  UAS-dCat (UAS-IRC-
RNAi/UAS-dCat; Da-GAL4/); and UAS-IRC-RNAi  UAS-jafrac1 (UAS-IRC-RNAi/UAS-jafrac1; Da-GAL4/). Flies were subjected to natural
Ecc-15 infection. At least two different transgenic lines for each antioxidant enzyme were used in this study, and all gave similar results.
Results are expressed as the mean and standard deviations of three different experiments with one representative transgenic line.
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Figure 4. IRC-Mediated Homeostatic Redox Balance Is the Most Critical Host Survival Strategy during Continuous Host-Microbe Interaction
in Drosophila Gut Epithelia
Natural infection experiment with various microbes (Ecc-15, M. luteus, and S. cerevisiae). The existing mutant flies for two NF-B pathways,
Toll and IMD pathway, were used. For Toll pathway mutants, persphone mutant (psh), spaetzle mutant (spzrm7), PGRP-SA mutant (PGRP-
SAseml), and p65-like NF-B/Dif mutant (Dif1) were used. For IMD pathway mutants, p105-like NF-B/relish mutant (RelE20), Dredd mutant
(DreddB118), and PGRP-LC (PGRP-LCE12) mutant were used. Control adult male flies (Da-GAL4/) or IRC-RNAi flies (UAS-IRC-RNAi/; Da-
GAL4/) were also used. Natural infection was performed with Ecc-15,M. luteus, and S. cerevisiae as described in Supplemental Experimental
Procedures. Results are expressed as the mean and standard deviations of three different experiments.
these efforts were modestly effective (40% at day 5) of IRC-RNAi-expressing flies, survival rates of all tested
Toll and IMD pathway mutant flies were not significantly(Figure 3D). Furthermore, either IRC-RNAi flies overex-
pressing two copies of UAS-IRC or IRC-RNAi flies fed affected by this type of natural infection, which is similar
to that of control wild-type flies (Figure 4). Furthermore,with recombinant IRC protein showed dramatically aug-
mented survival rates following natural infection (Sup- IRC-RNAi flies in a NF-B pathway mutant background
showed no further enhancement of the host mortality,plemental Figure S4). These results clearly demon-
strated that the highmortality of IRC-RNAi flies following compared to that of IRC-RNAi flies (Supplemental Figure
S5). Taken together, these results demonstrated thatnatural infection is indeed due to lack of H2O2-removing
capacity. Insufficient removal of H2O2 is known to cause IRC is a key antioxidant element in host survival during
gastrointestinal microbial infection in Drosophila andserious host damages (such as lipid peroxidation, pro-
tein oxidation, DNA base damage, and strand break of that homeostatic redox balance by IRC is the most critical
host survival strategy during continuous host-microbenucleic acids), which may lead to host mortality (Bai et
al., 1999;Wang et al., 2003). As the gastrointestinal tract, interaction in Drosophila gut epithelia. Recently, ROS
detoxification system has been shown to be a key physi-constantly in contact with ingested microbes, may be
one of the areas most frequently exposed to microbe- ological difference between Plasmodium-refractory
and -susceptible strain of African malaria vector mos-induced ROS, IRC with ROS-removing activity provides
a sophisticated mechanism for host protection adapted quito, Anopheles gambiae (Kumar et al., 2003). They
showed that Plasmodium-refractory A. gambiae strainto this type of continuous stress. Previous studies dem-
onstrated that two NF-B pathways (Toll and IMD) play possess increased steady-state levels of ROS, which
favor parasite killing in the midgut. They also suggestedfundamental roles in Drosophila innate immune response
(Hoffmann, 2003; Hultmark, 2003; Silverman andManiatis, that catalase is a candidate gene responsible for en-
hanced parasite killing by encapsulation. This result to-2001; Tzou et al., 2002). The existing mutant flies for these
NF-Bpathways (p65-likeNF-B/Difmutant, spaetzle [Toll gether with the present study suggests that fine redox
balancing is one of the most critical events during host-ligand] mutant, persephone [extracellular protease] mu-
tant, and PGRP-SA [extracellular peptidoglycan recog- parasite as well as host-microbe interaction in the in-
testine.nition receptor] mutant for Toll pathway; and p105-like
NF-B/relish mutant, Dredd [caspase] mutant, and In summary, our results demonstrate that the dynam-
ics between infection-induced de novo ROS generationPGRP-LC [membrane peptidoglycan receptor] mutant
for IMD pathway) exhibit severely impaired AMP synthe- and efficient elimination by IRC are essential biological
events in Drosophila innate immunity. The failure of thissis, and thus are highly susceptible to septic injury (Hoff-
mann, 2003). To our surprise, in contrast to the effects system, by selectively diminishing basal IRC level in an
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